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H5 HA 抗原性变异规律研究 
摘要 






H5 亚型流感病毒 HA 蛋白特异性单克隆抗体库，并利用该单抗库试图分析 H5 亚
型流感病毒 HA 蛋白抗原变异规律。 
首先在本实验室已有研究基础上，采用 A/Ck/HK/Yu22/02（H5N1）作为免疫
原，获得了 114 株针对 H5 亚型流感病毒血凝素（H5 HA）特异性单克隆抗体，构
建一个 H5 单抗库。 
其次，运用分子进化分析手段分析了近年来东南亚各国流行的 H5N1 病毒株，
挑选出33株能基本覆盖目前世界主要流行株的变异类型的H5亚型禽流感病毒株
作为 H5 单抗库的评估病毒株。 
第三，运用评估病毒株与单抗库进行血凝抑制试验（HI）分析，发现 H5 亚
型禽流感病毒 HA 蛋白中的 10 个表位聚集区，分别被 10 种不同的单抗类型
（M1-M10）所识别区分。基于 114 株 H5 单抗的 HI 反应谱，挑选其中的 16 株代
表单抗株进行中和试验（NT）分析，发现 H5 亚型禽流感病毒 HA 蛋白中的四个不
同的中和表位聚集区，分别被 4类中和单抗(N1-N4)所识别。 
第四，基于 H5 单抗与 33 株 H5 亚型禽流感病毒株的血凝抑制试验图谱和中
和图谱，开创了一种新的 H5N1 禽流感病毒抗原性变异分析方法，发现当前流行
的 H5N1 病毒株呈现如下变异规律：（1）H5N1 病毒正处于高度变异期，存在八种
变异亚系（A-H）共存的流行现状；（2）不同 H5N1 病毒变异株中存在一个共有的















抗 panel 分析 H5N1 疫苗候选株的抗原性差别，为今后 H5N1 禽流感疫苗株的筛选
和评价提供一种新方法。 
第五，对广谱单抗 8H5 做进一步的鉴定和分析，发现 8H5 对提高 H5 本实验
室早期建立的 H5 亚型流感病毒诊断试剂的检测灵敏度有显著效果。 
 

































Construction the panel of H5 subtype influenza virus 
hemagglutinin (H5 HA) specific monoclonal antibodies and 
preliminary study on HA antigen drift of H5 subtype influenza 
virus 
Abstract 
H5N1 subtype Avian Influenza which had been attacked the southern 
Asian countries has recently spread to many Asian, European, African 
countries by the migratory birds. The H5N1 virus severely impacted the 
agricultural economy, led heavy loss of national economy in these 
countries, and even caused fatal disease on human, therefore threatening 
all the people in the world. H5N1, likes other influenza virus, usually 
mutants quickly, and is difficult to be monitered for their spreading. 
Nowadays the study of the rule of H5 subtype AIV mutant is popular, and 
it is important for the forecast of the big global influenza. 
 
The purpose of this study is to construct a panel of anti-H5 HA 
monoclonal antibodies (mAbs), and to analyze the rule of H5 subtype 
influenza hemaggglutinin (H5 HA) antigen drifting. 
First of all, we chose a representative H5N1 strain A/Ck/HK/Yu22/02 
as antigen to immunize mice. After screening, 144 anti-H5 HA mAbs were 
obtained. Based on these mAbs we construct a anti-H5 mAb panel.  
Meanwhile, we analyzed various H5N1 virus specimens isolated from 
southeast Asia countries with a phylogenetic method. 33 virus strains 
which overlap the most mutant lineages of H5 AIV in the world were selected 
as evaluating viruses. 















hemagglutinin inhibition test (HI) and found there were 10 epitope zones 
on the H5 HA, which could be correspondingly recognized by 10 groups 
(M1-M10) of mAbs in the mAb panel. Based on HI test result of 114 mAbs, 
16 mAbs was selected for neutralization test (NT). It is found that H5 
HA has 4 different neutralizing epitope zones which were recognized by 
4 types of neutralizating mAbs (N1-N4). 
On the other hand, we developed a new method to analyze the antigen 
drift of H5 subtype influenza according to our HI test map and NT test 
map. We found some rules existed in the current H5 subtype influenza: (1) 
H5N1 virus is highly mutable, as 8 variations are spreading at the same 
time; (2) All H5N1 virus strains contain an universal conservative epitope; 
(3) H5N1 viruses isolated from different geographic regions have 
different mutant rules. Therefore, our study provides a new method for 
the selection and evaluation of H5 subtype influenza vaccine virus strains 
by using the anti-H5 HA neutralizing mAbs. 
Finally, we found that the application of a mAb-8H5 could greatly 
improve the sensitivity of current anti-H5 test after further evaluation 
of the mAb. 
 

















缩   略   语 
Abbreviations 
缩写 英文全称 中文名称 
H5 HA H5 subtype influenza HA 
H5 亚型流感病毒血凝
素 
Ab Aquatic Bird 水鸟 
AI avian influenza 禽流感 
AIV avian influenza virus 禽流感病毒 
BhGs bar-headed goose 斑头雁 
Ck chicken 鸡 
CP heron Chinese pond heron 中国苍鹭 
Dk duck 鸭 
ELISA enzyme-linked immunosorbent assay 酶联免疫吸附实验 
FJ fujian 福建 
Freunds freunds adjuvant 福氏佐剂 
GD Guangdong 广东 
Ghr grey heron 灰苍鹭 
Gs goose 鹅 
GX Guangxi 广西 
HA hemagglutinin 血凝素 
HI haemagglutination inhibition test 血凝抑制实验 
HK hong kong 香港 
HN Hunan 湖南 
HPAIV high pathogenic avian influenza virus 高致病禽流感病毒 
HRP horseradish peroxidase 辣根过氧化物酶 
IDN Indonesia 印度尼西亚 
JX Jiangxi 江西 
kD kilo daltons 千道尔顿 
LPAIV low pathogenic avian influenza virus 低致病禽流感病毒 
M matrix protein 基质蛋白 
mAb monoclonal antibody 单克隆抗体 
MB Migratory bird 候鸟 
MDCK madin－darby canine kidney 犬肾细胞 
Mdk migrate duck 侯鸟野鸭 
MDk migratory duck 大雁 
NA neurominidase 神经氨酸酶 
NASBA 

















NDV new castle virus 新城疫病毒 
NES nuclear export sequence 核出口序列信号 
NLS nuclear location sequence 核定位序列信号 
NP nucleocapsid 核壳蛋白 
NPAIV non-pathogenic avian influenza virus 非致病禽流感病毒 
NS nonstructural 非结构蛋白 
PA polymerase protein A 多聚蛋白酶 A 
Pa Partridge 鹧鸪 
pAb polyclonal antibody 多克隆抗体 
PB1 polymerase protein B1 多聚蛋白酶 B1 
PB2 polymerase protein B2 多聚蛋白酶 B2 
PEG polyethylene glycol 聚乙二醇 
PMK primary rhesus monkey 新生恒河猴 
Qa quail 鹌鹑 
QH Qinghai 青海 
RNPs ribonucleoproteins 核糖核蛋白体 
s.c. subcutaneous 皮下注射 
SCK Silky Chicken 竹丝鸡 
ST Shantou 汕头 
THL thailand 泰国 
VNM Vietnam 越南 
vRNA viral RNA 病毒 RNA 
vRNPs viral ribonucleoproteins 病毒核糖核蛋白体 
Wb wild birds 野鸟 
WDK Wild Duck 野鸭 
YN Yunan 云南 

















第一章 前 言 
1997 年香港报道了全球首例人感染高致病性 H5N1 亚型禽流感病毒（Avian 
Influenza virus，简称 AIV）事件，改变了禽流感病毒不能直接传人的传统观
念[1-3]。2003 年至今，东南亚国家持续爆发 H5N1 禽流感疫情并随着候鸟迁移不断
向亚洲、欧洲和非洲国家扩散传播，各国养禽业因此遭受灭顶之灾，同时不断引
发的人感染事件也给各国公共卫生工作带来严峻挑战。 













Fig.1-1 Areas reporting confirmed occurrence of H5N1 avian influenza in 
poultry and wild birds since 2003, status as of 1.04.2007 



















Fig.1-2 Affected areas with confirmed cases of H5N1 avian influenza since 
2003, status as of 29.03.2007 

































两种糖蛋白的抗原性差异，又可分为若干不同 HA 亚型和 NA 亚型
[9]
。目前已发现





表 1－1  甲、乙、丙型流感病毒的比较 
Tab.1－1  Comparison of influenza A, B and C virus 
性质 甲型 乙型 丙型 
变异性 变异较快 变异较慢 未见变异 
宿主 禽类、人、猪等哺乳动物 人 人 
流行性 世界性流行 局部流行 散发流行 








A/Swine/Iowa/15/30 (H1N1)、A/Moscow/21/99(H3N2)，见图 1－3。 
 
图 1-3  流感病毒命名的图解 



























图1－4  流感病毒颗粒电镜图 




 图 1－5  流感病毒的结构 
Fig. 1-5 The structure of influenza virus 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
